Abstract: Pollen analysis has been carried out on a 549 cm thick sediment profile from lake Plešné jezero (Plešné Lake) in the Bohemian Forest (Šumava, Czech Republic; 1090 m a.s.l.; 48
Introduction
The results of palaeobotanical analyses presented in this paper form part of long-lasting multidisciplinary palaeoecological studies on the sediments of lake Plešné jezero (Plešné Lake) in the Bohemian Forest (Šumava, Böhmerwald), Czech Republic. Pollen analysis was the basic method to reconstruct the past vegetation conditions during individual time stages of the Late Glacial and the Holocene. The vegetation is visually the most distinct component in a landscape, and its composition is the result of both abiotic and biotic factors. If we know the composition of vegetation, we can make deductions concerning, e.g., fauna, climate, hydrology, pedology, and even the time of human colonisation of the studied region and the scope and quality of human activities. In Plešné Lake, pollen analysis also provided detailed information on the aquatic environment, which could be reconstructed in detail by analysing coccal green algae in the pollen slides. It would be possible to make the reconstruction of the aquatic environment substantially more precise by studying also Cladocera, Rotatoria, Rhizopoda, Chironomidae, Diatomae, etc., most of which would require separate preparations of samples in the laboratory. Presently, detailed studies of the present-day Plešné Lake biotope are being carried out on water chemistry and sedimentology and new dating methods are being developed (Pražáková et al., 2006) , to the benefit of all analytical methods of this complex research. Plešné Lake is so becoming an example of a lake very well studied in a multidisciplinary way, including palaeoecology. The sediments of the former lake Švarcenberk in the Tře-boňská pánev basin have been and still worked out in a similar way, and the original palaeobotanical research of the 1970s (Jankovská, 1980) were supplemented by new research methods (Pokorný & Jankovská, 2000; Pokorný, 2002) . In contrast to Plešné Lake (1090 m a.s.l.), it was possible to exploit the palaeoecological research fully with respect to archaeology for lake Švarcenberk (412 m a.s.l.) (Pokorný, 2005) . The periglacial landscape between the High Sudetes Mountains and the Bohemian Forest can be reconstructed by pollen analysis carried out also on other Late Glacial V. Jankovská lake sediments (e.g., Hrabanov -Petr, 2005; lake Komořanské jezero -Jankovská, 1983 , 2000 Labský důl valley -Jankovská, 2004a; Engel et al., 2004) . Pollen analysis in the Bohemian Forest has a long tradition (Paul & Ruoff, 1927 , 1932 Müller, 1927; Rudolph, 1929; Kral, 1979; Stalling, 1987; Knipping, 1989; Brande, 1995; Svobodová et al., 2001 Svobodová et al., , 2002 Jankovská, 2004b) . Pollen analysis on lakes of glacial origin in the Bohemian Forest were carried out on the youngest sediments of lakes Černé jezero, Čer-tovo jezero, and Prašilské jezero, mainly for the purpose of modern acidification studies (Břízová, 2004) . Sediments more than 500 cm deep from Černé jezero, sampled by Prof. G. Michler, München, were also analysed for pollen. The age of this profile is the same as that of Plešné Lake, but it is hard to reconstruct vegetation development correctly because a substantial part of the profile is contaminated (Jankovská, unpubl.).
Study site
Plešné Lake (48 • 47 N, 13
• 52 E, 1090 m a.s.l.) is of glacial origin, as are seven further lakes in the Bohemian Forests. The lake area is 7.5 ha and maximum water depth is 18 m. The bedrock is granite (VESELÝ, 1994) . Detailed studies on limnology, including water and sediment chemistry and chemistry of the atmospheric deposition have resulted in numerous publications (see references in KOPÁČEK et al., 2006 and VESELÝ et al., 2004) . The lake has botanic interest due to the occurrence ofIsoëtes echinospora (HUSÁK et al., 2000; ČTVRTLÍKOVÁ, 2004) . For more detailed information on the Bohemian Forest botany see, e.g., SVOBODOVÁ et al. (2001 SVOBODOVÁ et al. ( , 2002 .
Methods
Field and laboratory work, studied profile, sediment stratigraphy The studied sediment was collected with a modified Kullenberg piston corer by Dr. R. Schmidt, Institute of Limnology, Mondsee, Austria. The sampled sediments are 549 cm thick. Sixty-seven samples were analysed for pollen and other microfossils. Sampling intervals are 3 cm for the upper 60 cm, 20-30 cm for the middle Holocene part, and ca. 10 cm for the basal Late Glacial part. Pollen analysis suggests strongly that some contamination occurred during coring due to downward displacement of soft, mostly organic material of mid-Holocene age into the mostly mineral Late Glacial sediments.
All samples were treated with HF for 24-36 h at room temperature, heated in 10% KOH for 5 min, and acetolysed for 7 min. Pollen grains of trees and shrubs (AP -arboreal pollen) and herbs [NAP -non arboreal pollen; ca. 600 (250-1300)] and spores of ferns were identified and counted in each sample. Identification was based on keys and pollen atlases (PUNT et al., 1976 (PUNT et al., -1996 REILLE, 1992 REILLE, , 1995 REILLE, , 1998 and the pollen reference collection in Brno. Pollen concentrations were very high in all samples. Spores of Bryophyta, and selected Fungi, as well as some Rhizopoda, Rotatoria, Tardigrada, etc were also counted and identified on the pollen slides, they are not shown in the results presented here. Special attention was paid to coccal green algae, which are preserved in the chemically treated sediment samples due to the sporopollenin in their cell walls.
Pollen diagram (Figs 1A-C)
The results are presented as a percentage pollen diagram, produced with the PC programs Tilia and Tilia-Graph (GRIMM, 1991) . Pollen percentages are based on the total sum of AP + NAP = 100% (AP = trees and shrubs; NAP = herbs). Also the values of microfossils of other plants and animals are related to this sum. Percentages are depicted in the pollen diagram in black. In order to show the lower percentage values, the curves of individual taxa are shown by a ten times exaggerated curve in grey. Names of many plant taxa have the suffix "type" when the pollen-morphological type can belong to more than one plant taxon (e.g. Alnus glutinosa type could also be Alnus incana).
The pollen diagram presented here is "simplified"; not all pollen types mentioned in the text are shown.
Dating
The dating of selected sediment samples (AMS radiocarbon dating; comparison of rubidium concentration with 18 O in Greenland ice) was provided by J. Veselý; details are given in PRAŽÁKOVÁ et al. (2006) . For the Holocene section see Table 1 .
Results and discussion
The collected profile of Plešné Lake sediment covers the last ca. 14,000 years of vegetation development (together with other components of both living and nonliving nature). The pollen diagram distinguishes clearly an older, Late Glacial section from a younger Holocene section. Eight Local Pollen Zones (PL-1 to 8) were distinguished in the pollen diagram (for simplified diagram and detailed results see Fig. 1 and Appendix, respectively) on the basis of pollen of relevant plant taxa.
Zone PL-1: Poaceae-Artemisia herbs (546-453 cm) Description. Total NAP (non-arboreal pollen; herbs) is ca. 70%, with Poaceae ca. 35% and Artemisia ca. 15%, continuous pollen curves up to 5% of Helianthemum, Chenopodiaceae, and Thalictrum, and lower values of Asteraceae, Brassicaceae, Apiaceae, Lycopodium clavatum type, and L. annotinum type. Among AP (arboreal pollen; trees and shrubs), Pinus sylvestris type has 15-20%, Betula alba type up to 7%, continuous pollen curves have Ephedra fragilis type, E. distachya type, Juniperus, Salix, Alnus viridis type, and Betula nana type, and lower pollen values has Pinus cembra type. Some pollens of climatically more demanding trees were encountered (e.g., Corylus, Picea, Alnus). Redeposition has caused the occurrence of Tertiary and Pleistocene palynomorphs.
Aquatic environment: Abundant are Pediastrum boryanum var. longicorne and P. integrum. Not abundant are P. kawraiskyi and P. boryanum var. boryanum.
Pollen and palaeoalgological analyses of Plešné Lake sediment Interpretation. Biostratigraphically, this zone may be assigned to the Pre-Allerød. This biozone includes the Oldest (DR1) and the Older Dryas (DR2), which are cold Late Glacial stadials. No indication was found of a Bølling interstadial between DR1 and DR2. The pollen assemblages indicate absolute dominance of herbs in a Late Glacial steppe-tundra ("Mammoth steppe"). The combination of plant taxa is typical for steppe and tundra habitats, which were prevailing in the Czech landscape in the periglacial area of Central Europe at the end of Last Glacial. The vegetation around the lake was arcto-alpine tundra. At the highest altitudes there were mainly mosses, lichens, and algae with only sporadic vascular plants, among which grasses (Poaceae) prevailed. However, a considerable amount of Poaceae pollen (and also Artemisia, Chenopodiaceae, and a number of other taxa) was most likely transported from long distances. The high abundance of Helianthemum, which likely grew directly in the area, is characteristic for this period. Armeria, Campanula, Cerastium, Gentiana, Gypsophila, Linum, Ranunculus, Saxifraga oppositifolia, and species of other families are likely derived from arcto-alpine vegetation at higher altitudes nearby. Shrubs near the lake were Salix, Betula nana, Juniperus, and sporadically also Alnus viridis. Also Betula pubescens (a tree birch) in shrub form (ssp. tortuosa) could have grown here. Tree birch was more common in the foothills, where also Pinus sylvestris was growing. Nevertheless, a considerable amount of Pinus and Betula pollen could be of the long-distance origin. The occurrence of pollen of Alnus glutinosa type, Picea, and Corylus is probably contamination from the overlying mid-Holocene sediments, being brought into the Late-Glacial sediments during coring in the field (vertical displacement). Ephedra (fragilis type and distachya type) and Hippophaë might have grown in the study region under the climatic conditions of the Pre-Allerød, but also long-distance pollen transport cannot be excluded.
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The occurrence of Pediastrum boryanum var. longicorne, P. integrum, and P. kawraiskyi is particularly interesting for the lake biotope. This combination indicates very cold and oligotrophic water (Jankovská & Komárek, 2000; Komárek & Jankovská, 2001) . The only aquatic vascular plant found as pollen is Potamogeton. On the shores grew Sphagnum and Cyperaceae. Typical was also the occurrence of Selaginella selaginoides.
Zone PL-2: Pinus cembra-Betula nanaCyperaceae (453-312 cm) Description. NAP is ca. 50-60%, with Cyperaceae 5-10%, Artemisia 10-20%, Poaceae 25-40%, continuous pollen curves of Helianthemum, Chenopodiaceae, and Thalictrum, and lower values Asteraceae, Brassicaceae, Apiaceae, Rubiaceae, Ranunculaceae, Ericaceae, Caryophyllaceae, Saxifraga spec. div., Rumex acetosella type, and further NAP. Also one pollen grain of Lygeum spartum was found (at 403-406 cm sediment depth; det. J. van Leeuwen). AP is ca. 40-50%. Characteristic for this zone are Pinus cembra type up to 5%, Betula nana type up to 4%, increasing Juniperus, Ephedra, Salix, and Alnus viridis type, and the presence of Hippophaë.
Aquatic environment: Pediastrum boryanum var. longicorne and other Pediastrum species were found.
Botryococcus spec. div., Pediastrum orientale, P. integrum, P. kawraiskyi, and P. boryanum var. boryanum were present in this zone.
Interpretation. This Late Glacial zone covers the longest part of the studied pollen profile and can be dated to the Allerød on the basis of biostratigraphy. This vegetation was still treeless. The climate was more favourable than during zone PL-1. This is supported by the expansion of shrubs (Betula nana, Alnus viridis, Salix, and Juniperus). Pinus cembra pollen (stone pine) also indicates improved climatic conditions. It cannot be excluded that stone pine was growing in the proximity of the lake; it was in any case expanding in the Alps. The pollen of QM (Quercetum mixtum; mixed oak woods), Alnus, and Picea are probably contamination from overlying sediments (see zone PL-1). In my opinion, these species did not grow in the Bohemian Forest at that time. The landscape was both at high and medium altitudes still treeless, with prevailing herb vegetation of grasses, Ericaceae, heliophyta, and species indicative of tundra (Armeria, Helianthemum, and Lycopodium selago). Species of peaty meadows, spring areas, and areas covered by mosses prevailed on wetlands (Cyperaceae, Asteraceae, Brassicaceae, Apiaceae, Rubiaceae, Ranunculaceae, Caryophyllaceae, Caltha, Centaurea, Cerastium, Cirsium, Filipendula, Gentiana, Peucedanum, Pleurospermum austriacum, Saxifraga cf. granulata, Saxifraga cf. stellaris, etc.). One pollen grain of Lygeum spartum comes from long distant transport. Pollen of aquatic macrophytes was sporadic (Alisma plantago-aqutica type, Myriophyllum verticilatum/spicatum, Ranunculus aquatilis). Pediastrum boryanum var. longicorne was dominant among algae, there were also present P. orientale, P. kawraiskyi, P.integrum, P.boryanum var. boryanum, and other Pediastrum species. Botryococcus pila-neglectus and other Botryococcus species were also abundant. The water of the lake was all the time very cold and oligotrophic.
Zone PL-3: Juniperus-Betula-Pinus shrubs-trees (312-273 cm) Description. NAP is ca. 10%. All herb pollen decreases (Poaceae to 10%, Artemisia to 5%). Pollen of Late Glacial heliophyta, which are indicative of raw soils, meadows, wetlands, tundra, etc., gradually disappears (e.g., Helianthemum, Chenopodiaceae, Thalictrum, Cyperaceae, Ericaceae, Saxifraga, Rumex acetosella type). AP is ca. 90%. Juniperus (ca. 5%) and Betula nana type (ca. 4%) attain in this typical shrubtree zone their highest pollen values, Alnus viridis type, Ephedra, Hippophaë, and Pinus cembra type come to an end, Salix decreases, and maximum pollen values attain Betula alba type (ca. 20%) and Pinus sylvestris type (ca. 50%). The upper limit of zone PL-3 is characterised by the decreasing Betula (alba type, nana type), Pinus sylvestris type, Juniperus, Alnus viridis type, and most herbs.
Aquatic environment: Pediastrum disappears while the Botryococcus pila-neglectus is spreading.
Interpretation. Zone PL-3 belongs to the Preboreal in the sense of classical chronology by Firbas (1949) . A sudden vegetation change took place due to climatic amelioration at the beginning of the Holocene. Afforestation began near the lake in the originally treeless landscape. The onset of afforestation directly after the Late Glacial/Holocene transition is in many pollen diagrams characterised by a maximum of Juniperus followed by expansion of Betula and Pinus trees. Pinus S376 V. Jankovská cembra and Larix play the same role in the Alps (e.g., Welten, 1982) , in the Carpathians (e.g., Jankovská, 1984 Jankovská, , 1995 Jankovská et al., 2002) and some other regions in Europa (see e.g., Schmidt et al., 1998) . In Plešné Lake, however, the final phase of Juniperus expansion coincides with the first substantial expansion of Betula and Pinus. This is the effect of a mixed pollen assemblage from different altitudes, because on the one hand Juniperus expanded in the tundra at higher altitudes, on the other hand it declined in the tree limit area at medium altitudes where Pinus and Betula were expanding. Open stands of birch and pine were spreading in the foothills, which had character of the presentday European northern taiga. Medium altitudes were of forest-tundra character (alpine tree limit) with tree birch and pine (probably only Pinus sylvestris). These trees penetrated into the original bushy stands of the Late Glacial (Juniperus, Betula nana, Alnus viridis, and Salix), and the same shrubs expanded at higher altitudes that had mountain tundra in the Late Glacial. Herbs (heliophyta, calciphilous species, species of the so-called Late Glacial steppe-tundra) declined as a result of the increasing canopy cover of expanding forest trees. This is clearly seen by the decline of Poaceae, Artemisia, Helianthemum, Chenopodiaceae, and Thalictrum. It is also probable that the afforestation of Central Europe limited the extent of long-distance pollen transport from the southern, predominantly steppe dry areas.
A distinct change took place also in Plešné Lake itself. All Pediastrum disappeared completely, which is particularly conspicuous in the case of Pediastrum boryanum var. longicorne, whereas Botryococcus pilaneglectus type increased. Pediastrum was probably outshaded by the expanding Botryococcus. It is uncertain whether this change was caused by an altered trophic state caused by the afforestation and the related input of organic material into the lake. A change of the lake water chemistry could thus have been the primary factor resulting in the pressure of competitively more efficient taxa.
Zone PL-4: Corylus-QM-Picea trees (273-240 cm) Description. NAP remains < 5%; herbs are completely negligible. AP is > 95%. Corylus attains a maximum (up to 30%). In the QM sum (up to 15%) Ulmus and Quercus prevail over Tilia, Fraxinus, and the sporadic Acer. Pinus sylvestris type gradually decreases from 50% to 30% and Betula alba type from 25% to 10%. Somewhat lower values have Betula nana type and Salix. Picea, Fagus, Abies, and Alnus have relatively high pollen values. The upper limit of zone PL-4 is marked by decreasing Corylus, Pinus, and Betula and increasing QM trees, Alnus, and Picea.
Aquatic environment: Isoëtes increases steeply from 1% to 10%. Botryococcus pila-neglectus is the only coccal green alga.
Interpretation. Zone PL-4 phase can be synchronised with the Boreal biozone (sensu Firbas, 1949) . Characteristic is the expansion of Corylus in the open stands of pine and birch. Trees of QM (mixed oak woods; Quercus, Ulmus, Tilia, Fraxinus, and Acer) are quickly expanding from the foothills to medium altitudes of the Bohemian Forest. The existence of a favourable climate is also shown by the occurrence of flowering ivy (Hedera). The relatively high pollen values of Picea, Fagus, Abies, and Alnus is problematic; a contamination with sediment from higher in the profile during the coring is the most probable explanation. Nevertheless, very sporadic occurrence of Picea and Alnus trees in the area around Plešné Lake can not be excluded on the basis of other pollen-analytical studies. For example, Svobodová et al. (2001) have reported up to 40% Picea pollen for the Boreal in Velká Niva and Stráženská Slať mires. It is, however, impossible to accept the occurrence of Fagus and Abies in the area of Plešné Lake; their pollen is most probably the result of contamination.
Isoëtes expanded in the lake. The impulse to its expansion could have been a stronger supply of organic material, caused by the expansion of vegetation around the lake. This agrees with results of contemporary research (Husák, 2004; Čtvrtlíková, 2004) .
Zone PL-5: QM-Picea trees (240-190 cm) Description. NAP is < 5%, with low values of Poaceae, Cyperaceae, Apiaceae, Filipendula, Asteraceae, and Vaccinium type, which are most likely of local origin. Artemisia pollen has low values and was probably transported from long distances; Artemisia is known to have a high production of pollen that is efficiently spread. AP is > 95%, of which Picea is 20% on average, Alnus glutinosa type is stable up to 10%, Ulmus, Quercus, Tilia, and Fraxinus attain their Holocene maximum, Corylus remains > 10%, and also Pinus (20%) and Betula (10%) are relatively abundant but decrease gradually.
Aquatic environment: Isoëtes reaches maximum values. The only alga is Botryococcus pila-neglectus.
Interpretation. Zone PL-5 can be synchronised with the (Early and Late) Atlantic (Firbas, 1949) . Picea was the dominant forest tree in the surroundings of Plešné Lake, and occurred in the beginning most probably on relatively moist soils, where it could invade the Alnus (incana?) stands. The reported age for the lower limit of zone PL-5, where the fast expansion of Picea began, is 9275 yr B.P. (on the basis of radiocarbon dating; Pražáková et al., 2006) . According to Svobodová et al. (2001) , major expansion of Picea (> 5% pollen) took place in the Early Boreal, 8260 ± 70 14 C yr uncal. B.P. at Stráženská slať, Knížecí pláně, and Velká Niva-Lenora. The recorded Fagus, Abies, and Carpinus pollen in this zone could be caused by contamination from the upper sediments. Nevertheless, the forest tree Fagus might already have S377 been present in the area, but probably less than suggested by the pollen percentages, because the pollen production of beech is high. Abies began to appear sporadically in the Bohemian Forest only towards the end of zone PL-5. Deciduous forest trees of QM (mixed oak forests) with dominant Quercus were spreading in the foothills, replacing there mainly pine. The strong afforestation of the area, from the foothills to the highest parts of the Bohemian Forest, restricted the occurrence of both herbs and shrubs.
Isoëtes attained its maximum abundance in the lake, where the alga Botryococcus pila-neglectus was also increasing in abundance.
Zone PL-6: Picea-Fagus trees (190-150 cm) Description. NAP is < 2%. Plantago lanceolata starts to form a continuous pollen curve. AP attains nearly 99%. Picea has its highest Holocene pollen values (up to 35%). Fagus and slightly later Abies both increase from 1% to 15%. QM trees, Corylus, Pinus, and Betula decrease in the course of the zone, and Alnus remains stable at ca. 8%.
Aquatic environment: There was a decrease of Isoëtes spores, beginning of Botryococcus braunii, and persisting dominance of Botryococcus pila-neglectus.
Interpretation. Zone PL-6 can be synchronized with the Subboreal (Firbas, 1949) . Picea became locally dominant also at the highest altitudes of the Bohemian Forest. Fagus was quickly spreading in edaphically and orographically favourable habitats. Abies became an important component of the forests, expanding suddenly early in the zone. Svobodová et al. (2001) dated ( 14 C) the expansion of Abies in the Bohemian Forest to 5523-3180 yr B.P., and the first Abies pollen (maximum > 30%) to around 4700 yr B.P. (Velká Niva-Volary). The retreat of QM trees (mainly Ulmus), Pinus, and Betula reflect vegetation changes in the foothills. First hints of human activities at lower altitudes are given by the sporadic occurrence of Carpinus. Its expansion was associated with opening of the landscape due to forest management. The increase of Plantago lanceolata also gives evidence of human impact on the landscape. Agricultural activity is confirmed by Cerealia pollen.
In the lake, Isoëtes considerably decreased, Botryococcus braunii appeared and became numerous, and Botryococcus pila-neglectus continued to be abundant.
Zone PL-7: Abies-Fagus-Picea trees (150-60 cm) Description. NAP is < 2%. Plantago lanceolata is regularly present, Rumex acetosella type and Urtica slightly increase. AP is > 98%. Abies increases from 15% to 25%, Fagus remains at ca. 15%, Picea slightly decreases from 25% to 20%, Quercus is with ca. 4% dominant among QM trees, Pinus and Betula have their lowest Holocene values, Corylus decreases, Alnus maintains stable since zone PL-5, and Carpinus starts to form a continuous curve. The upper zone limit is marked by decreasing QM and Abies, disappearance of Betula nana type, and increasing Carpinus.
Aquatic environment: Maximum of Botryococcus pila-neglectus, presence of B. braunii.
Interpretation. Zone PL-7 can be synchronized with the Early Subatlantic (Firbas, 1949) . The greatest afforestation of the study region took place in this zone. Abies, Picea, and Fagus formed climax forests up to the time of human colonization, when the forested area became reduced and the species composition changed. Predominantly coniferous forest with beach admixed covered the whole Bohemian Forest. Carpinus was invading the original mixed oak forest (QM) on the foothills, which was made possible by the increasing human activity. The continuous occurrence of the grazing indicators Plantago lanceolata and Rumex acetosella may also indicate occurrence of abandoned of cultural fields and settlements. Also Calluna and Vaccinium type were increasing, but it is not certain whether this was the consequence of natural succession, e.g., on peat bogs, or of human activities.
In the lake, Isoëtes considerably decreased, Botryococcus braunii is continuous, and Botryococcus pilaneglectus is extremely abundant.
Zone PL-8 (60-0 cm) Zone PL-8 can be synchronized with the Late Subatlantic (Firbas, 1949) . It is sub-divided in two subzones, PL-8a and PL-8b.
Sub-zone PL-8a: Carpinus-Corylus-Salix (60-30 cm) Description. Carpinus increases slightly but clearly, Corylus has short-term fluctuations, and the Salix curve becomes continuous. All QM trees decrease, Acer appears, and Picea, Fagus, and Abies fluctuate but remain high. There is a regular occurrence of pollen of synanthropic vegetation.
Aquatic environment: There is a presence of Isoëtes and Botryococcus pila-neglectus.
Interpretation. Zone PL-8 can be synchronised with the Late Subatlantic (a). This zone gives evidence of the first marked human impact on the original vegetation in an extensive area ranging from the foothills to the uplands of the Bohemian Forest. In the foothills this resulted in the withdrawal of mixed oak woods. Their opening and low regeneration capability favoured the expansion of Carpinus. Pinus sylvestris began to gain importance on degraded soils. Corylus spread for a short time on deforested and opened sites. The deforestation in alluvia, affecting mainly Alnus and Fraxinus, favoured the expansion of Salix. The coniferous forests in the foothills with Abies and Picea were also affected by the human colonisation. In contrast, Fagus attained its maximum Holocene occurrence. This was probably related to differences in competition abilities between Abies, Picea, and Fagus: S378 V. Jankovská when the shading stands of fir and spruce had been removed, beech wood had more opportunity to establish.
In the lake, Isoëtes further declined and Botryococcus pila-neglectus increased.
Sub-zone 8b: Picea-Juniperus-anthropophyta (30-0 cm) Description. Juniperus and Salix form continuous pollen curves. Picea, Pinus, and Betula increase, whereas Fagus, Abies, and Alnus decrease. Characteristic for this time period are the distinct pollen curves of synanthropic plants (Cerealia spec. div., Humulus, Cannabis, Plantago lanceolata, P. major-media, Rumex acetosella, Urtica). Monolete fern spores increase.
Aquatic environment: There was observed the presence of Botryococcus pila-neglectus and decline of Isoëtes.
Interpretation. Zone PL-8b can be synchronised with the Late Subatlantic (b). The pollen diagram indicates strong human impact on the original vegetation from the foothills to highest altitudes of the Bohemian Forest. Abies and Fagus showed the strongest decline, whereas Picea was spreading (reflecting probably the creation of the spruce monocultures documented by written sources from the 18 th century). The pollen diagram also indicates increasing Pinus (sylvestris? mugo?) and Betula which may have spread as secondary succession on deforested areas and driedout peat-bogs. This interpretation is supported by the increase of Vaccinium type and Calluna. Larix pollen documents forests management, by intentional planting of larch. The increase of Juniperus, grasses, and a number of other herbs show the formation of open areas. Human impact is clearly shown by synanthropic plants such as Cerealia, Secale, and Triticum type (i.e., Triticum, Hordeum, and Avena). Important indicators of the cultural landscape are Rumex acetosella, R. acetosa, Urtica, Plantago lanceolata, P. major, P. media, Polygonum convolvulus, Humulus, and Cannabis.
In the lake, Isoëtes further decreased, but Botryococcus pila-neglectus was still relatively abundant.
Conclusions
Eight Local Pollen Zones (LPZ) were distinguished in a pollen diagram made from a 549 cm thick sediment profile from Plešné Lake. A Late Glacial treeless phase is clearly distinct from a Holocene forested phase. The limit between the two lies at ca. 312 cm.
In the Late Glacial zone PL-1 (Poaceae-Artemisia herbs; biozone Pre-Allerød), herb vegetation prevailed from the lowest to the highest elevations. Some of the herb pollen was long-distance transported from southern Europe or even Africa. The climate was very cold, and the vegetation was tundra, cool steppe, or mosaic-like steppe-tundra. In the Late Glacial, zone PL-2 (Pinus cembra-Betula nana-Cyperaceae; biozone Allerød), shrubs (Betula nana, Juniperus, Alnus viridis, Salix) began to expand in the existing herb vegetation. This indicates that the climate had improved, as is also shown by the increase of Pinus cembra (stone pine). It is likely that stone pine was expanding mainly in the Alps. The aquatic environment of Plešné Lake was during the Late Glacial (zones PL-1 and PL-2) very cold and oligotrophic. This is shown by the very high abundance of Pediastrum boryanum var. longicorne and the presence of P. integrum, P. kawraiskyi, and P. orientale.
Zone PL-3 (Juniperus, Betula, Pinus shrubs-trees; biozone Preboreal) forms the transition between treeless and forest phases at the onset of the Holocene. The expansion of birch-pine and pine-birch forests was preceded by expansion of the heliophilous Juniperus. The expansion of forest caused a decline of herb and shrub vegetation. Betula and Pinus attained their maximum expansion, whereas shrubs (Betula nana, Alnus viridis, Salix, Hippophaë, Ephedra, etc.) disappeared from the landscape. In the lake, Pediastrum disappeared and Botryococcus pila-neglectus began to increase, which shows that the water chemistry changed.
Zone PL-4 (Corylus-QM-Picea trees; biozone Boreal) is characterised by the expansion of Corylus and QM trees, whereas Picea and Alnus immigrated but did not come abundant. The input of organic material from the afforested landscape into the lake was probably the impulse to the fast expansion of Isoëtes.
In zone PL-5 (QM-Picea trees; biozone Atlantic), spruce was expanding in the first place at higher elevations, and QM trees (mixed oak woods) on the foothills. Fagus was already present in the Bohemian Forest and Abies immigrated sporadically. In the lake, Isoëtes attained its maximum abundance and Botryococcus pilaneglectus was also present.
Zone PL-6 (Picea-Fagus trees; biozone Subboreal) is characterised by the expansion of Picea and Fagus. These trees probably occupied in the first place medium and higher altitudes. However, it is possible that spruce was spreading also at lower altitudes in the foothills replacing QM woods. The pollen evidence of the first human activities (Plantago lanceolata, Carpinus, sporadically Cerealia) most probably occurred from the foothills. In the lake, Isoëtes markedly declined, Botryococcus pila-neglectus was dominant, and B. braunii appeared.
In zone PL-7 (Abies, Fagus, Picea trees; biozone Early Subatlantic), Abies considerably expanded and occupied medium altitudes of the Bohemian Forest, but was also expanding in the foothills, where it locally shaded out the QM woods. In addition, the foothills were penetrated by man, whose activities were documented by pollen of Plantago lanceolata and Rumex acetosella. Also, the expansion of Carpinus was conditioned by human activity.
Pollen and palaeoalgological analyses of Plešné Lake sediment
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Characteristic for zone PL-8 (biozone Late Subatlantic) is the evidence of distinct human impact on the landscape. This zone is divided according to the intensity of human impact into two sub-zones. In subzone PL-8a (Carpinus-Corylus-Salix), human activity was concentrated in the submontane area (foothills). This is shown pollen-analytically by the retreat of QM woods. Alluvial forests (see Fraxinus) were probably the most affected. Carpinus started to expand in the mixed oak woods affected by man, and synanthropic herb vegetation began its most intensive expansion. In the lake, Isoëtes continued to decline and Botryococcus pila-neglectus to expand. In sub-zone PL-8b (PiceaJuniperus-anthropophyta), very strong human impact on the forests of the highest elevations was taking place. Fagus and Abies distinctly decreased, whereas Picea distinctly increased through afforestation. Pinus, Vaccinium type, and Calluna expanded on dried-out peatbogs and degraded forest soils. Herb communities prevailed in the forest openings and Juniperus was spreading. The findings of cereal pollen and a whole range of anthropogenic indicator pollen types reflect agriculture and landscape synanthropisation. In the lake, Isoëtes decreased further, but Botryococcus pila-neglectus remained abundant.
The presented palaeobotanical results of Plešné Lake are (in the Czech Republic) comparable only with those of Labský důl valley (Krkonoše -the Giant's Mts) (Jankovská, 2004a; Engel et al., 2004) . Both localities are lakes of glacial origin. Palaeo-algological analyses have shown that a glacial lake has long existed in Labský důl valley. The comparison of coccal green algae in the two lakes revealed similarities. The Late Glacial sediments of both lakes had dominance ofPediastrum boryanum var. longicorne and common P. integrum, both of which indicate very cold oligotrophic water. The present author observed a similar algal flora in Welki staw and Mali staw lakes on the Polish side of the Giant's Mts in material of dr. E. Madeyska (Institute of Botany, Polish Academy of the Sciences, Cracow) who studied pollenanalytically profiles from both these lakes. ČTVRTLÍKOVÁ, M. 2004 
